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A detailed description of an isoperibol calorimeter for temperatures between 0.05 and 4 K is
presented. The proposed setup can provide absolute values of the heat capacity C of small samples
(typically 1 mg). The extremely simple design of the sample platform, based on a sapphire substrate,
and the experimental setup, which makes use only of a lock-in amplifier and a temperature controller,
make the construction of such a calorimeter easy and inexpensive. The thermal-relaxation method
is employed, which utilizes a permanent thermal link k between the sample platform and the low-
temperature bath. The temperature dependence of k(T ) is shown for several platforms throughout
the entire temperature range: k(T )/T is nearly constant down to 1 K, where it starts to decrease
smoothly. The observed behavior is thoroughly explained by considering the thermal resistances
of the platform constituents. A comparison between the values of k(T )/T for platforms based on
sapphire and on silver is presented where no significant difference has been observed. Each platform
can be assembled to have a particular value of k/T at 1 K. Since the sample relaxation time τ ∼ C/k,
k(T ) can be adjusted to C(T ) to give a reasonably fast measuring time: Here, it is demonstrated how
this calorimeter can be used in so-called single-shot refrigerators (3He or demagnetization cryostats),
where the time for a single measurement is limited. In addition, it can be used in moderate magnetic
fields B ≤ 10 T, because the platform constituents are weakly field dependent.
PACS numbers: 07.20.Fw,74.25.Fy,65.40.Ba
I. INTRODUCTION
It is often necessary to work with small samples of only
few milligrams when studying the thermal properties of
solid materials at very low temperatures, as they are
easier to cool down. The first modern low-temperature
semi-adiabatic calorimeter was developed by Eucken
and Nernst (1910), but this technique is restricted to
temperatures T > 2 K and a minimum sample mass
of about 100 mg.[1, 2] For temperatures T < 2 K,
calorimeters which employ adiabatic techniques, such as
pulse or continuous warming methods,[3, 4, 5] require
heat switches to allow the sample to be cooled to the
lowest temperature and to provide adequate thermal
isolation during the measurement. Mechanical heat
switches are not suitable when working with small
samples at temperatures below 1 K because of the large
heating effects induced by friction, while superconduct-
ing heat switches cannot guarantee adequate thermal
isolation above 1 K. Thus, improvements have been
made to refine experimental techniques which utilize
a permanent weak thermal link k between the sample
and the low-temperature bath (isoperbol calorimeters),
eliminating the need for a heat switch, while providing
a reasonably short cooling time.[6, 7, 8, 9, 10, 11]
With the development of lock-in-amplifiers, such non-
adiabatic microcalorimetry techniques allow measuring
the heat capacity of bulk crystals of a mass of typically
1 mg. Experimentalists favour two principal methods:
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the steady-state ac heating method (AC) [12, 13, 14]
and the thermal-relaxation (TR) method.[6, 7, 8, 15]
Recently, a semi-adiabatic compensated heat-pulse
(CHP) calorimeter has been developed, which requires
an even weaker thermal link to the bath, compared to
the TR method, and allows high precision data within
a short measuring time.[16, 17] The AC method has
the advantage of providing heat capacity data as a
continuous function of temperature, and it is therefore
suitable, e.g., for studying phase transitions. Moreover,
it can be used to carry out measurements at constant T ,
while continuously varying other external parameters,
such as magnetic field and pressure. This technique does
not, however, provide absolute values of the sample heat
capacity C. This has to be determined in a different
way. The TR method, on the other hand, provides
heat-capacity data of high accuracy as it measures
sample relaxation time τ ∼ C/k while maintaining both,
bath temperature and external parameters, constant.
The only drawback of this method is that it gets inap-
propriate close to 1st order phase transitions. The CHP
method is fast, but restricted to measurements with
increasing temperature and does, therefore, not permit
measurements at constant T while continuously varying
other parameters. A TR isoperibol calorimeter has
been chosen because of its versatility and the necessity
of making precise measurements of the specific heat
capacity under the influence of external parameters at
constant T .
To allow measurements in the range 0.05 ≤ T ≤ 4 K
on a large variety of small samples of insulating or
metallic materials (as metal-oxides, 3d-electron metals,
heavy-fermions, spin glasses etc.), the sample platform
was constructed with a simple design, developed by
G. R. Stewart’s group,[18] which makes it possible
2to employ the TR method with high precision, while
substantially cutting down costs on the necessary
construction materials. In this paper, the construction
of such simple and rather inexpensive sample platforms,
based on a sapphire substrate, is described, along with
the measurement setup, which makes use of only a
lock-in amplifier and a temperature controller. Although
similar platform designs have already been used by other
groups, the temperature dependence of their thermal
conductance k(T ) is only known for T > 2 K.[19, 20] In
section IVA, measurements of k(T ) vs. T are shown
between 0.05 and 4 K for several platforms. These data
can be well fitted by a theoretical model based on the
thermal resistances of the platform constituents and on
simple geometrical considerations. Experiments were
carried out with platforms based on a sapphire substrate
(insulating) and on silver (metallic) to investigate the
effect of different substrate materials on k(T ). No
significant difference between the two performances can
be observed.
Since τ ∼ C/k, a large sample mass, or a large C, could
imply a measuring time of the order of many hours.
For this reason, the TR technique is usually mounted
in dilution refrigerators, where the temperature can be
kept constant permanently. It is demonstrated here that
it is also possible to use this kind of technique in so-
called single-shot refrigerators (3He or demagnetization
cryostats), where the measuring time is limited, if the
platform material is properly chosen.
II. PRINCIPLE OF OPERATION
In the TR method, the sample is placed on a platform
which contains a heater and a thermometer. The thermal
link between sample and platform is k2. The platform is
connected through a small heat link k1 to a reservoir at
temperature T0. After the bath and the sample have
reached a constant temperature T0, a well defined con-
stant heating pulse with power P0 and duration t1 − t0
is applied to the platform, until a steady-state tempera-
ture T1 is reached. The heater power is then turned off
and the temperature decays to T0 with a time constant
τ1 ≈ (Cp + Ca)/k1. The principle of the experiment is
shown in Fig. 1, where Cp is the heat capacity of the
sample and Ca is the heat capacity of the platform.
To analyse this process in detail, it will be assumed as-
sume that the thermal contact between the sample and
the platform is good, but not ideal (finite values for
k2), while the internal thermal conductivity of the plat-
form will be considered ideal. With these assumptions
the following one-dimensional heat-flow equations can be
solved:

P (t) = CaT˙a(t) + k1[Ta(t)− T0] + k2[Ta(t)− Tp(t)]
CpT˙p(t) = k2[Ta(t)− Tp(t)]
(1)
FIG. 1: (Color online) The RT experiment. Left: One-
dimensional heat-flow model with a poor thermal contact be-
tween sample and platform (τ2 effect): Cp and Ca are the heat
capacities of the sample and platform, respectively. Right:
Corresponding thermal behavior of the platform thermome-
ter Ta(t) during and after the heating pulse.
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FIG. 2: Measurement exhibiting a “lumped” τ2 effect: The
relaxation time τ2 decreases with increasing temperature.[22]
where P (t) is the power applied on the platform, Tp(t),
Ta(t) and T0 are the sample, platform and bath temper-
atures; k1 and k2 are the thermal conductances between
platform and bath, and between sample and platform re-
spectively. The heat is flowing in one direction only. If
the thermal conductivity of either the sample or the link
between sample and substrate is small, compared to that
of the link to the bath, the relaxation curves are char-
acterized by a second relaxation time τ2 between sample
and platform:[21] These cooling curves show an abnor-
mally high initial slope compared to the rest of the decay
(see Fig. 1 for t1 ≤ t ≤ t2). If the sample is a good ther-
mal conductor, but the thermal contact with the sub-
strate is poor, the τ2 effect is called “lumped”.[21, 22] In
this case the relaxation time τ2 decreases with increasing
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FIG. 3: Measurement exhibiting a “distributed” τ2 ef-
fect: The relaxation time τ2 increases with increasing
temperature.[22]
temperature, as shown in Fig. 2 for a single crystal of
Pr0.65Ca0.28Sr0.07MnO3.
By applying a constant power P (t) = P0, and maintain-
ing a maximum temperature rise ∆T = T1 − T0 below
2 − 3%, the heat capacity of the sample can be calcu-
lated exactly by solving the differential equations 1 (see
Appendix), where the decay in temperature can be rep-
resented by a curve consisting of the sum of two expo-
nentials with different time constants τ1 and τ2:
Ta(t) = T1 −A1e
−t/τ1 −A2e
−t/τ2 . (2)
The solution yields:
Cp = k1τ1
(
1−
k1τ2
Ca
)
+ k1τ2 − Ca . (3)
The complete calculation is given in the Appendix.
From the experimental value of the heat capacity we
have to subtract the heat capacity of the platform Ca
to obtain Cp. Since Ca can be deduced from preliminary
heat-capacity measurements without sample, and since
the thermal relaxation time between the sample and the
substrate can be calculated from
τ2 =
A2τ1Ca
(A1 +A2)τ1k1 −A1Ca
, (4)
a measure of A1, A2, k1 and τ1 constitutes a measure
of Cp. The thermal conductance k1 does not have to be
measured every time, but only once, by calibrating the
platform, using
k1 = P0/(T1 − T0) = P0/∆T . (5)
Details of this calibration process are given in Sec. IVA.
The parameters A1, A2 and τ1 can be determined exper-
imentally by analysing the log(Ta(t)) vs. t plots of the
exponential decay. The main slope of the curve corre-
sponds to τ1, and the initial drop measures the τ2 con-
tribution: With decreasing τ2 effect the drop vanishes.
In case the sample has a poor thermal conductivity (as
in insulators), different regions of the sample will be at
significantly different temperatures. Such a phenomenon
is called “distributed” τ2 effect. [21] The solution of the
problem is a sum of exponential decays. The time con-
stants of these are given by the solution of a transcen-
dental equation. The calculation of the heat capacity is
difficult, but for small effects this contribution can be
corrected with the same method used for the “lumped”
τ2 effect. As shown in Fig. 3 for a single crystal of
La0.8Sr0.2MnO3, the values of τ2 increase with increasing
temperature.[22] If the effect is significant, i.e. if the rate
τ1/τ2 → 1, this method cannot be used.
Assuming an ideal thermal contact between sample and
substrate (k2 →∞, τ2 = 0), the model leads to:


Ta(t) = T1 −A1e
−t/τ1
Cp = k1τ1 − Ca
P0 = k1(T1 − T0) = k1A1.
(6)
One of the principal advantages of the TR method, e.g.
when comparing it with the AC method, is that the cor-
rections for the τ2 effect can be calculated exactly. This
is usually valid for T > 1, since the “lumped” τ2 effect
vanishes with increasing temperature (cf. Fig. 2). For
samples with masses lower than 1 mg, the platform heat
capacity Ca provides the dominant source of error for Cp.
This explains why some effort must be applied to build-
ing platforms with small Ca values at low temperature,
e.g. using sapphire single crystals as platform substrates.
III. EXPERIMENTAL SETUP
The apparatus for all heat-capacity experiments is
shown in Fig. 4: The illustrated design consists of a
copper ring-shaped platform holder in which four elec-
trically isolated copper pins are inserted and fixed by
a thermally-conducting epoxy cement. The ring is per-
manently screwed into the low-temperature stage of the
cryostat which represents the thermal bath at T0. The
sample platform consists of a substrate, a heater, a ther-
mometer and bonding silver epoxy. It is held mechani-
cally in horizontal position by four platinum wires, which
are bonded to the copper pins. The wires provide a well
defined thermal connection (essentially k1) to the isother-
mal ring, as well as electrical connections for the heater
and the temperature sensor attached to the lower side of
the platform. In some cases, thin gold wires are used to
electrically connect the thermometer with the Pt wires.
The data that will be shown hereafter have been col-
lected from measurements carried out with five sample
platforms, labelled PLS-1 to 5, mounted in two different
systems: a 3He Oxford Instruments Heliox 2V L cryostat
4FIG. 4: (Color online) General design of the experimental
apparatus. The platform is suspended and held mechanically
by four Pt wires, which are bonded to electrically isolated Cu-
pins inserted in a Cu-ring. The ring is permanently screwed
into the low-temperature stage of the cryostat.
for 0.3 ≤ T ≤ 4 K and a Cambridge Magnetic Refrigera-
tion mFridge for 0.05 ≤ T ≤ 4 K.
A. The measurement platforms
The construction materials are slightly different for
each platform; they are listed in Tab. I. A collection
of selected images for three of the platforms are shown in
Fig. 5. The substrate for PLS-1 is a high quality silver
(5N) substrate of 100 µm thickness, while for the other
platforms sapphire single-crystals of 6 mm diameter and
200 µm thickness were used.
Lake Shore Cernox type sensors or polished Bourns 2 kΩ
ruthenium-oxide (RuO2) resistors were utilized as ther-
mometers (cf. Fig. 5). The platform temperature Ta can
be estimated by measuring their resistance. They guar-
antee high sensitivity below 4 K: Decreasing the temper-
ature down to 0.05 K, the resistance of the RuO2 sensors
increases from 2 kΩ up to values higher than 40 kΩ. In
addition, the heat capacity contribution to Ca of these
thermometers is very small (cf. section IVB).
Polished commercial thin film chips (mass ≈ 1 mg,
R ≈ 10 kΩ) were used as heaters for the first two plat-
forms, while chromium film resistors (with different ge-
ometry and resistance of the order of kΩ) were sputtered
on one side of the other sapphire discs as heater. The
resistance of both kinds of heaters has a very weak tem-
perature dependence and is practically constant below
4 K.
The Pt lead wires are made of Ir- or Rh-doped platinum
TABLE I: Construction materials.
Platform Substrate Wires Wire-Diameter Heater
PLS-1 Ag Pt0.9Ir0.1 50µm chip
PLS-2 Al2O3 Pt0.9Ir0.1 50µm chip
PLS-3 Al2O3 Pt0.9Rh0.1 50µm Cr-film
PLS-4 Al2O3 Pt0.9Rh0.1 125µm Cr-film
PLS-5 Al2O3 Pt0.9Ir0.1 50µm Cr-film
with 50µm diameter (125µm for the PLS-4), and provide
the well defined thermal link k1 to the isothermal ring,
as well as electrical connections for the heater and sen-
sor. The Cu-pins in PLS-5 were bent slightly towards the
center of the ring to decrease the length of the Pt0.9Ir0.1
wires, and to thus increase k1 (cf. Fig. 6). By varying
the wire length, their thickness or their dopant concen-
tration, the value of k1 can obviously be tuned, and, con-
sidering τ1 ∼ Cp/k1, be adjusted to what time is available
for the experiment.
On some of the sapphire substrates, tiny gold wires
(25µm diameter) were spot-welded to the sensor as well
as directly to the Pt wires, to reduce Ca. All constituents
were fixed with conducting silver-epoxy cement (Poly-
tec Epo-Tex HB1LV). This arrangement ensures an ex-
cellent thermal connection between thermometer, heater
FIG. 5: (Color online) Pictures of three of the five sample
platforms utilized for this report. The black chips are the
RuO2 sensors, the green one is the heater chip. On PLS-3,
the gray large surface is the sputtered Cr-film heater, which
is a squared path on the PLS-5 sapphire disc. On PLS-3 a
very small (less than 1 mm3) Cernox type sensor is attached
to the sapphire surface and connected with tiny gold wires
(used also in PLS-5).
5and substrate. The sample is attached to the back of
the sapphire substrate with thermally conductive grease
(Apiezon N).[23] In the silver platform PLS-1, the wires
were directly attached with the same epoxy to the heater
and sensor contacts. Soldering was avoided because of
the risk of having thin superconducting contacts, which
could dramatically reduce the thermal conductance be-
tween platform and Cu-ring.
B. The measurement systems
The measurement system is rather simple and requires
just two instruments: A temperature controller to
measure and stabilize T0 at a thermometer positioned at
the bottom of the low-temperature stage and a lock-in
amplifier to measure Ta(t) and supply the heat pulses.
In the Heliox 2V L cryostat, T0 was measured and
controlled with a RV-Elektroniikka OY AVS-47 ac
resistance bridge and a TS-530 temperature controller.
In the mFridge, T0 was read by a Lakeshore model 340.
The direct-temperature-control (DTC) routine, which
drives the demagnatisation magnet, seemed the most
elegant solution of stabilizing it. In both cases it was
possible to stabilize the temperature within 0.2%.
On account of low τ1 and τ2 (e.g. 1 s and 0.05 s, respec-
tively), the voltage signal on the platform sensor has to
be read quickly, which is why a lock-in amplifier has been
used for measuring the platform thermometer. Ta(t) was
measured by a Signal Recovery 7265 lock-in amplifier
connected to the previously calibrated platform sensor
through a 10 MΩ resistance. The lock-in frequency f
was set at values close to 100 Hz. It is clear that the
lock-in time constant has to be set at a lower value
than our τ1 and be comparable to τ2, in order to permit
measurement. It can be verified that τlock−in ≈ τ1/40
provides a good response of the lock-in amplifier. The
applied voltage varied from 0.1 V at 50 mK to about
2 V at 3 K to prevent the sensor from self heating
and to garantee a good signal reading. The heat pulse
was given by the same lock-in amplifier, connecting the
DAC output to the platform heater through a 200 kΩ
resistance. High-speed data acquisition was achieved by
directly monitoring the output signal with the lock-in
buffer option, set at 10 ms. The error due to data noise
was successfully reduced to a considerably lower level
than the one due to thermal fluctuations.
Although the signal offset was large, compared to its
changing due to the heat pulse, the quality of the data
has been improved by adjusting the lock-in parameters
before every single measurement. It was also possible
to reduce the signal offset to values close to zero by in-
serting another RuO2 thermometer on the Cu ring and,
with both sensors, building a standard ac Wheatstone
bridge, which is driven directly by the lock-in amplifier
reference oscillator. Doing that, the resolution of the
voltage reading increased by a factor of ten, allowing the
bridge to operate now at higher frequency, optimally at
f ≈ 1500 Hz. Values for τ2 lower than 1 ms have thus
been detected.
As the platform thermometer is calibrated, a reading of
Cp can always be obtained, along with a measurement
of k1, with the configuration described above. A major
advantages of utilizing the TR method, is that the
thermometer on the sample platform is only necessary
for measuring relaxation time constants and, therefore,
it does not always have to be calibrated. In systems with
various measurement platforms assembled together, or
with two different thermometers (for separate tempera-
ture ranges) on the same platform, this can be a very
convenient feature. The thermal conductance k1 for
each platform has then to be measured separately once
(see section IVA) and the base temperature T0 may be
detected by the low-temperature stage thermometer of
the cryostat.
IV. EXPERIMENTAL RESULTS
A. Measurement of the platforms thermal
conductance
The thermal conductance k1(T ) was determined by
measuring the supplied power P0 and the temperature
difference ∆T = (T1 − T0), as indicated in Eq. 5 . ∆T
was kept below 3 %. As the thermometers of all platforms
had previously been calibrated, k1(T ) was measured each
time, along with the specific heat.
With a suitable choice of lead wires, the heat link can be
controlled and varied: The upper frame of Fig. 6 shows
the thermal conductance for the PLS-3 with Pt0.9Rh0.1
lead wires of 50 µm diameter, and for the PLS-4 with
125 µm of diameter. A relaxation time of these platforms
(without a sample) was measured at less than 400 ms
even for the lowest temperatures. It is useful to note
that, according to Eq. 3, the first platform allows mea-
suring smaller samples, because of its smaller k1.
Instead of very pure platinum wires, Rh- and Ir-doped
ones were chosen, mainly for two reasons: Their robust-
ness and the lower thermal conductivity values. In fact,
the thermal conductivity of a metal at low temperature is
strongly influenced by impurities in the material, which
tend to decrease k1. In addition to that, the thermal con-
ductivity of these wires is not very sensitive to magnetic
fields of a relative magnitude (B ≤ 10 T). This allows
measurements of Cp(T ) vs. T in magnetic field with the
same platforms. A measurement of k1(T ) vs. T for the
PLS-2 in B = 1 T leads to the same results as in zero
field. To avoid the overlapping with the data in zero field,
shown in the lower frame of Fig. 6, this measurement is
plotted in the upper frame of the same figure.
The lower frame of Fig. 6 shows the thermal conductance
for PLS-1,-2, and -5, down to 50 mK and, for PLS-3 down
to 300 mK. In all curves, k1(T )/T begins to decrease be-
low 1 K; in PLS-5, this drop is very pronounced. With
6a simple theoretical model it is possible to explain this
effect and to calculate the thermal conductance of the
Pt and Au wires, as well as that of the platform sub-
strate. Not only the sapphire disc (described here as
substrate) is relevant for this model, but also the insu-
lating substrates of the sensors and all parts where there
is a thermal boundary resistance between metal and in-
sulator. We need to consider that the low-temperature
thermal conductivity of a metal is primarily due to con-
duction electrons, and is known to follow a linear-in-T
dependence for T → 0. It is larger than the thermal con-
ductance of an insulator, which is solely due to lattice
phonons and follows a T 3-power law for T ≤ ΘD (ΘD
is the Debye temperature). If we suppose that the heat
originates from the center of the platform and flows si-
multaneously through the Au wires and the substrate of
the platform, and after that through the platinum wires,
 1
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FIG. 6: (Color online) Upper frame: Comparison of the ther-
mal conductance for PLS-3 and PLS-4 with two different sizes
for the diameter of the lead wires: 50 µm and 125 µm, re-
spectively. The results for PLS-2 in a magnetic field of 1 T
are also shown. Lower frame: Measurement of the thermal
conductance for platform PLS-1,-2,-3 and PLS-5. The black
lines represent the fit curves resulting from equation 10. The
fit parameters are quoted in Tab. II.
FIG. 7: Schematic representation of the thermal resistances
on the sample platform: RS, RAu and RPt are the resistances
of the substrate, of the gold and platinum wires, respectively.
a simple schematic representation of all thermal resis-
tances can be drawn as in Fig. 7. The numbers in the
picture indicate the four wires which are considered iden-
tical. The thermal resistance along every wire is:
Rtot = RPt +
RSRAu
RS +RAu
(7)
and the relative thermal conductance is:
k =
kPt(kS + kAu)
kPt + kS + kAu
. (8)
Considering the following temperature dependence for
the gold and platinum wires and for the substrate con-
tribution: 

kAu = aT + bT
3
kPt = a1T + b1T
3
kS = b2T
3
(9)
the temperature dependence of K can be written as:
k(T )
T
=
aa1 + (a1b2 + a1b+ ab1)T
2 + (b1b2 + bb1)T
4
(a+ a1) + (b + b1 + b2)T 2
.
(10)
Since we have four wires, k(T ) = 4kwire(T ). The de-
rived function fits well the experimental data for PLS-1
to -4 (cf. Fig. 6): The resulting parameters are shown in
Tab. II.
Taking the fit parameters for PLS-5 at 1 K, and sup-
posing that the total length of the four platinum wires
is 2 cm, the corresponding thermal conductivity of ev-
ery wire is about 53 mW/Kcm. For the sapphire ther-
mal conductivity KSh, we can perform a similar calcu-
lation, assuming that b ≈ 20 µW/K4 at 1 K, and that
the length of four conducting paths from the center of
the platform to its edges is l = 0.3 × 4 cm, with a flow
area A = 200 µm×1 mm: We obtain a reasonable value
of KSh = bl/A = 12 mW/Kcm.[24]
7TABLE II: Fitting parameters.
Platform a b a1 b1 b2
(µW/K2) (µW/K4) (µW/K2) (nW/K4) (µW/K4)
PLS-1 4.75 0 0.80 4.19 20.24
PLS-2 1.01 0 0.26 1.69 13.30
PLS-3 2.28 0 0.40 1.87 7.75
PLS-4 4.54 0 1.54 20.36 28.80
PLS-5 0.98 0 0.52 0 18.08
This model cannot explain the experimental data above
2.4 K for PLS-5. Since the sapphire substrate and the
heater design of this platform are different from the oth-
ers, it is possible that the measured data above 2.4 K are
subject to a systematic error. One possibility is that the
well polished surface of the sapphire does not allow the
epoxy to stick well and creates large thermal boundary
resistances. It might also be possible to bond the wires
using the technique described in Ref. [26] to avoid this
problem, and to afterwards fix them with epoxy. If we
look at the heater shape, on the other hand, we can see
that it is closer to the sapphire substrate border than to
the thermometer. This design was meant to create a bet-
ter steady state on the entire platform, but above 2.4 K
it may cause the thermometer to be at a lower tempera-
ture than the heater. Specific-heat measurements on gold
samples also confirm that the data for k1(T ) above 2.4 K
are not correct. Although the reason for the behavior of
PLS-5 has not yet been understood, the fact that the sil-
ver platform PLS-1 behaves exactly like PLS-2, -3 and -4
indicates that such behavior might derive from the sap-
phire substrate.
Comparing the temperature behavior and the perfor-
mance of the silver platform with that of the other sap-
phire platforms, it becomes clear that a sapphire sub-
strate can be used perfectly well instead of a metallic
silver one for this kind of heat-capacity measurements
(at least down to 50 mK).
B. Calibration
The advantage of our platform design is that its contri-
bution Ca to the total heat capacity is small. It consists
only of the substrate (sapphire was chosen because of its
low specific heat at low temperatures), a small amount of
grease, tiny polished thermometer and heater chips, and
1/3 of the lead wires (cf. Ref.[6]). Accurate values for
the specific heat of every single platform constituent can
be determined separately or found in literature. [23, 24]
Moreover, it is possible to use very small samples and still
keep the platform heat capacity well below the sample’s
one: e.g. the platform PLS-3 consists of a 34 mg sapphire
substrate, a 4 mg Cernox thermometer, 0.678 mg silver-
epoxy cement, 0.711 mg gold wires and 6.2 mg Pt0.9Rh0.1
wires for an amount of heat capacity at 1 K of about
1.7231 × 10−7 J/K. This value is about 3.5 times lower
than the heat capacity of 100 mg gold at 1 K, which is
about 5.84× 10−7 J/K.
Since the specific heat of the Pt0.9Ir0.1 wires was un-
known, two calibration measurements were carried out
with two gold samples (purity of 99.99%) of different
weight, 59.1 mg and 72.6 mg. After having subtracted
the literature data of Ref. [25] for the measured 59.1 mg
gold sample, the total heat capacity of the platform is
obtained: Its behavior for PLS-2 and PLS-5 can be seen
in Fig. 8. For 1.5 ≤ T ≤ 4 K, Ca/T versus T
2 is linear,
as expected, but below 1.5 K it increases sharply. This
effect is very common and due to magnetic impurities in
the platform constituents (e.g. in the alumina substrate
of the RO2 chips) and in the Pt wires. [24, 27] This contri-
bution can be fitted well by adding a T−2 Schottky factor
to the expected fit function, corrected by a constant d,
which ideally should be zero:
Ca
T
= γ + βT 2 +
δ
d+ T 3
. (11)
The results of the fits are shown as black lines in Fig. 8.
There is a big difference between the heat capacities of
the two platforms PLS-2 and PLS-5, as in the PLS-2 a
chip has been attached as heater instead of a Cr-film, and
a larger amount of silver epoxy has been used. However,
even on PLS-2, the total heat capacity of the platform
remains very small when compared to the sample.
Fig. 9 shows the measurement of the second gold sample
on PLS-2, after having substracted the platform heat ca-
pacity Ca, in Cp/T versus T
2. The linear fit results in
a Sommerfeld coefficient γ = 0.70 mJ/K2mol, very close
to the one measured in Ref. [25] (0.69 mJ/K2mol). The
total error is displayed in the inset; it is less than 2%
within the whole temperature range. It is mainly due to
the instability of the temperature at all points. Appli-
cations of the technique described in this article can be
seen, e.g. in Ref. [28, 29], where samples with masses
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FIG. 8: (Color online) Heat capacities of platform PLS-2 and
PLS-5. The black lines are fits with the Eq. 11.
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is the gold heat capacity taken from Ref. [25].
between 0.2 and 10 mg have been used.
V. CONCLUSIONS
A large number of techniques have been developed to
measure the heat capacity of small samples at low tem-
peratures. This paper presented the progress made in
improving the TR method. The proposed inexpensive
platform design and the simple measurement procedure,
which makes use of only two instruments, offer a new
prospective for the low-temperature laboratories which
suffer of limited funding. The distinct advantage of the
method described here, is that it simultaneously provides
high-precision measurements, absolute heat capacity val-
ues, a certain flexibility in varying temperature or exter-
nal parameters, while performing the measurements at
constant T .
There are limitations of the TR method, including the
fact that the temperature must be kept constant during
measurement time, which is why this method has not
been used in single-shot refrigerators. In this article it
has been demonstrated that this kind of method can be
used down to 0.05 K in single-shot refrigerators, too, i.e.
3He and demagnetization cryostats, provided that ma-
terials for the construction of the sample platforms are
properly chosen. Detailed information on how to build
sample platforms utilizing inexpensive and effective ma-
terials has been given, along with the calibration results
of the platform heat capacities.
Platforms with sapphire and silver substrates were used.
For the first time, measurements of thermal conductance
k1(T ) vs. T for such platforms have been shown below
2 K. A simple theoretical understanding of its behavior
has been proposed. Our results indicate that the behav-
ior of the platforms with different substrates are compa-
rable across the entire range of temperature investigated.
Finally, measurements of the platform thermal conduc-
tance k1(T ) were carried out in magnetic field and it
could been observed that the magnetic field has no influ-
ence on the k1(T ) vs. T behavior. This is due to the fact
that the thermal conductivity of the lead wires is almost
field independent.
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APPENDIX A: SOLUTION OF THE
ONE-DIMENTIONAL MODEL
The thermal equations for the model depicted in Fig. 1
can be written as:[21]

P (t) = CaT˙a(t) + k1[Ta(t)− T0] + k2[Ta(t)− Tp(t)]
CpT˙p(t) = k2[Ta(t)− Tp(t)]
(A1)
Rearranging yields:

k2Tp(t) = −[P (t) + k1T0] + (k1 + k2)Ta(t) + CaT˙a(t)
CpT˙p(t) = k2[Ta(t)− Tp(t)]
Considering P (t) = P0 = const for t0 ≤ t < t1 and
P (t) = 0 for t1 ≤ t < t2, we derive the first equation:

k2T˙p(t) = (k1 + k2)T˙a(t) + CaT¨a(t)
CpT˙p(t) = k2Ta(t)− k2Tp(t)
Substituting Tp(t) and T˙p(t) into the second equation we
obtain:
CpCa
k1k2
T¨a(t)+
[
Cp + Ca
k1
+
Cp
k2
]
T˙a(t)+Ta(t) = T0+
P (t)
k1
(A2)
If a power P0 is applied between t0 and t1, the platform
temperature Ta will rise to T1 (see Fig. 1), according to
the following relation:

Ta(t) = T1 −A1e
−t/τ1 −A2e
−t/τ2
T˙a(t) =
A1
τ1
e−t/τ1 + A2τ2 e
−t/τ2
T¨a(t) = −
A1
τ2
1
e−t/τ1 − A2
τ2
2
e−t/τ2
(A3)
For t0 = 0 this leads to:
Ta(0) = T0 = T1 − (A1 +A2)
∆T = T1 − T0 = A1 +A2
9Inserting solution (A3) into (A2) we obtain:
−
A1
τ21
e−t/τ1 −
A2
τ22
e−t/τ2 −
[
k1 + k2
Ca
+
k2
Cp
](
A1
τ1
e−t/τ1 +
A2
τ2
e−t/τ2
)
+
k1k2
CpCa
(
∆T −A1e
−t/τ1 −A2e
−t/τ2
)
=
k2P0
CpCa
Isolating the two exponential terms the equation is ful-
filled if

e−t/τ1
[
A1
τ1
(
k2
Cp
+ k1+k2Ca
)
−
A1
τ2
1
−
A1k1k2
CpCa
]
= 0 (i)
e−t/τ2
[
A2
τ2
(
k2
Cp
+ k1+k2Ca
)
−
A2
τ2
2
−
A2k1k2
CpCa
]
= 0 (ii)
k1k2
CpCa
(T1 − T0)−
k2P0
CpCa
= 0 (iii)
From the (iii) we obtain:
P0 = k1(T1 − T0) = k1∆T (A4)
and from (i) and (ii) we have the system of equations


k2
Cp
+ k1+k2Ca =
1
τ1
+ τ1k1k2CpCa
k2
Cp
+ k1+k2Ca =
1
τ2
+ τ2k1k2CpCa
with solutions
1
τ1
+
τ1k1k2
CpCa
=
1
τ2
+
τ2k1k2
CpCa
CpCa = k1k2τ1τ2 (A5)
and (substituting k2 into the first equation of the sys-
tem):
Ca
k1τ1τ2
+
Cp
k1τ1τ2
+
k1
Ca
=
1
τ2
+
1
τ1
Cp = k1τ1
(
1−
k1τ2
Ca
)
+ k1τ2 − Ca (A6)
To obtain the τ2 constant we take the first of the equa-
tions (A1) with the initial condition t0 = 0 and P (0) =
P0
P0 = CaT˙a(0) + k1[Ta(0)− T0] + k2[Ta(0)− Tp(0)] ,
where Ta(0) = Tp(0) = T0. Considering Eq. (A4) we
have:
k1(A1 +A2) = Ca
(
A1
τ1
+
A2
τ2
)
and therefore:
τ2 =
A2τ1Ca
(A1 +A2)τ1k1 −A1Ca
(A7)
Considering now the simple case when τ2 = 0 (with, of
course, A2 = 0), we deduce:


Ta(t) = T1 −A1e
−t/τ1
Cp = k1τ1 − Ca
P0 = k1(T1 − T0) = k1A1
(A8)
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